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Recent  reports  of biochemical  studies  of the  nu- 
cleolus  suggest  that  it  plays  a  prominent  role  in 
the relay of information via RNA from the nucleus 
to the cytoplasmic ribosomes.  Ribosomal RNA is 
synthesized  in  chromatin  and  is  subsequently 
transferred to the nucleolus for final assembly into 
ribosomes (1, 2). Protein with the same amino acid 
composition  as  that  of ribosomal  protein  is  also 
found in the nucleolus, and is thought to combine 
with  newly  synthesized  ribosomal  RNA  on,  or 
near,  the chromatin and  then to be transferred  to 
the nucleolar periphery (2, 3). The synthesis of the 
methylated  bases of transfer RNA is made by the 
RNA methylase system, localized in the nucleolus 
FmuR~,  1.  Mitochondrial contents with variable ribbon-like structures  bearing rows  of 
evenly distributed knob-like particles on both sides. The ribbon structures  seem to repre- 
sent  eristae  expanded  irregularly  due  to  osmotic  shock  followed  by  disruption  of  the 
mitochondrion.  X97,000. 
FIGURE ~.  Membrane fragment showing the narrow stalks  (arrows)  which connect the 
spherical particles to the membrane.  X500,000. 
B  R  I  E  F  N  O  T  E  S  195 FIGURE ].  Electron micrograph  of  a  parenchymal cell showing within its nucleus  (N)  a  prominent 
nueleolus  (NU)  with ten  dense  structures  (two  indicated by arrows).  In  the cytoplasm  are  seen the 
endoplasmic retieulum with associated  ribosomes, clusters of free ribosomes (R), mitoehondria (M), and 
glycogen granules. )< ~,000. 
(4).  It  might  be  supposed  from  these  sources  of 
evidence that various distinct functions are  being 
performed within the nucleolus. However, the fine 
structure of the nucleolus in a  variety of different 
organisms  studied  by  electron  microscopy  is 
usually  revealed  as  a  rather  homogeneously 
granular material, consisting of 150 A granules and 
some  fibrillar material  (5-9).  The present report, 
based  on electron microscope  observations of the 
nucleoli  of  unspecialized  cells  in  the  planarian, 
reveals definite, organized structures each of which 
consists  of  an  elongated  core  of electron-opaque 
material  surrounded  peripherally  by  granules. 
MATERIALS  AND  METHODS 
The  matcrial  used  was  the  frcsh  water  planarian, 
Dugesia tigrina. The animals were fixed for  1 hour in 
cold  1 per cent osmium tetroxidc buffered at pH  7.4 
with 0.1  M phosphate buffer.  After fxation,  the ani- 
mals were cut posterior to the cycs; only thc anterior 
part  of the  animals was  used.  The  spccimens  wcrc 
dehydrated  in a  graded  serics of ethyl  alcohol,  two 
changcs of propylenc oxide,  and cmbcdded in Epon 
196  B  R  I  E  F  N  o  v  E  s 812  (10).  Sections cut with glass  knives on a  Porter- 
Blum  microtome  were  placed  on  200-mesh  copper 
grids  and  stained  in  2  per  cent  uranyl  acetate  for 
1 hour  (11)  followed by  lead citrate  (1:5)  staining 
for 5  minutes  (12).  Sections were viewed on a  RCA 
EMU-3D  microscope,  and  photographed  at  magni- 
fications of 6,000  to  14,000. 
in length.  The general background  of the nucleo- 
lus often shows a  mottled appearance formed by a 
homogeneously  granular  area,  amorphous  areas, 
and  some areas of less dense  granulation  (Figs.  1 
to 5). 
At  the  periphery,  and  less  frequently  in  the 
FIGURE 2.  Enlarged electron micrograph of the nucleolus seen in Fig. 1. Note nucleolar structures (one 
indicated by arrow), each of which consists  of a  dense core surrounded by granules of a  size similar to 
that of granules appearing free in the nucleolar background. Note also small areas devoid of granules,  and 
areas with less well formed granulation.  X47,000. 
FIGURE 3  Electron micrograph of the same nucleolus as shown in Figs.  1 and  2,  but sectioned at a 
different level. A nucleolar structure is indicated by arrow.  )< 47,000. 
OBSERVATIONS  AND  DISCUSSION 
The  unusual  structures  to  be  described  were  ob- 
served  in  the  nucleoli  of cells located  subepider- 
mally in the general parenchyma.  These cells are 
presumably  unspecialized  since  they  lack  cyto- 
plasmic  structures  indicative  of  specialization, 
such as secretory granules, neurotubules or muscle 
filaments.  They  are  probably  the  neoblasts  de- 
scribed by Pedersen  (13).  The cytoplasm contains 
a well developed endoplasmic reticulum with asso- 
ciated ribosomes,  clusters of free ribosomes,  mito- 
chondria,  and  glycogen  granules  (Fig.  1).  The 
large interphase  nucleus,  surrounded  by a  double 
membrane,  contains  dense  aggregates  of  chro- 
matin  and  a  prominent  nucleolus  (Fig.  l)  which 
varies from 0.6 to  1.4 #  in width,  and  0,8 to  1.5 ~t 
interior  of the  nucleoli,  were  observed  electron- 
opaque  round  structures  each  surrounded  by 
granules  which  appear  organized  in  a  layer 
(Figs.  1 to  5).  The diameter  of the central  dense 
core  is  about  300  to  350 A,  of  the  individual 
granules  about  150 A,  and  of the  total  structure 
including core and  ring about  1000 A.  The gran- 
ules  appear  to  have  some  connection  with  the 
dense core (Figs.  2 and  3).  The core is apparently 
a  cross-section  of  an  elongated  structure,  since 
cross-sections of the same cores seem to be present 
at different levels of section through the same cells 
(Figs. 2 and  3).  In some sections the structure can 
be  seen  in  oblique  and  longitudinal  orientation 
(Figs.  5  to  7).  When  the  section is interpreted  as 
tangential  to  the  surface  of  the  nucleolus,  the 
B  R  I  E  F  N  O  T  E  S  197 198  B  R  I  E  F  N  O  T  E  S longitudinal  structures  appear  parallel  to  each 
other  with  some  regularity  of  spacing  between 
them  (Fig.  7).  The  spacing  between  granules  on 
the length of the core (Fig.  7)  is about 300 A.  In 
cross-section,  the  number  of granules  seen  lying 
around  the  periphery  of the  central  core  is  esti- 
mated to be between 8 and  12. 
Sections  stained  with  either  uranyl  acetate 
alone  or  lead  citrate  alone  did  not  show  these 
organized structures in the nucleoli; the combina- 
tion  of  uranyl  acetate  followed  by  lead  citrate 
seems necessary. 
These structures may be artefacts, contaminants, 
or possibly viral inclusions, but this seems unlikely. 
They have been observed in numerous sections of 
several animals. Without further data at this time, 
one can  only attempt  to identify the components 
of the  organized  structure  in  terms  of the  other 
known components of the nucleus.  The density of 
the  core  approximates  that  of chromatin  aggre- 
gates  in  the  surrounding  nucleoplasm.  There  is 
some  suggestion  that  these  organized  structures 
appear in the nucleoplasm surrounding the nucleo- 
lus  (Figs.  1  and  2).  If these  are  related  to  the 
organized structures  seen in the nucleolus, then it 
may be that  the structures  are  assembled  or  dis- 
assembled outside  the nucleolus.  Thus  their  asso- 
ciation with the nucleolus may be limited in time. 
An association  between  chromatin  and  nucleolar 
material  has  been  implied  not  only  from  bio- 
chemical  evidence  (1,  2)  but  also  by  electron 
microscopy in other forms (8, 9).  Recent evidence 
supporting  the  hypothesis  that  the  nucleolus  is 
involved  in  ribosomal  production  has  been  pre- 
sented by Brown and Gurdon  (14); their evidence 
is based  on a  mutation  in  the  toad  Xenopus  laevis 
that  prevents formation of a  nucleolus and  at the 
same  time  prevents  synthesis  of ribosomal  RNA. 
The granules around  the periphery of the central 
core are similar in size and density to the granules 
of the nucleolus  (Figs.  1 to 4,  7). 
Particles  denser  and  larger  than  the  granules 
around the core are also seen in some preparations 
(Fig. 6) ; these particles are similar to the nucleolar 
dense granules described by Sun (15). 
If the  granular  background  in the  nucleolus is 
indeed  composed of ribosomes,  then  the granules 
surrounding  the  dense  core of the  described  nu- 
cleolar  structure  may  be  structurally  related  to 
the  ribosomes  of  the  nucleolus.  Although  it  is 
tempting  to  postulate  that  these organized  struc- 
tures may be reflecting activities of the nucleolus 
involved in  ribosomal  RNA  production,  the  na- 
ture  and  significance  of  these  structures  await 
further investigation. 
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